ANL-77-7

" arterly Report for the Period
October—December 1976

by

- J. Fischer, J. E. Young,
J. E. Johnson, and A. A. Jonke

e ld

- RETURN TO REFERINCE FLE
- TECHRICAL PUBLICATIONS

ATIONAL LABORATORY, ARGONNE, ILLINOIS

W-31-109-Eng-38



The facilities of Argonne National Laboratory are owned by the United States Govern-
ment. Under the terms of a contract (W-31-109-Eng-38)between the U. S. Energy Reseafc_h and
Development Administration, Argonne Universities Association and The University oI‘C.th38°&
the University employs the staff and operates the Laboratory in accordance with policies an
programs formulated, approved and reviewed by the Association.

MEMBERS OF ARGONNE UNIVERSITIES ASSOCIATION

The University of Arizona Kansas State University The Ohio State University
Carnegie-Mellon University The University of Kansas Ohio University

Case Western Reserve University Loyola University The Pennsylvania State University
The University of Chicago Marquette University Purdue University

University of Cincinnati Michigan State University Saint Louis University

Illinois Institute of Technology The University of Michigan Southern Illinois University
University of Illinois University of Minnesota The University of Texas at Austin
Indiana University University of Missouri Washington University

Iowa State University Northwestern University Wayne State University

The University of Iowa University of Notre Dame The University of Wisconsin

NOTICE

This report was prepared as an account of work sponsored
by the United States Government. Neither the United States
nor the United States Energy Research and Development Ad-
ministration, nor any of their employees, nor any of their
contractors, subcontractors, or their employees, makes any
warranty, express or implied, or assumes any legal liabil-
ity or responsibility for the accuracy, completeness or use-
fulness of any information, apparatus, product or process
disclosed, or represents that its use would not infringe
privately-owned rights. Mention of commercial products,
their manufacturers, or their suppliers in this publication
does not imply or connote approval or disapproval of the
product by Argonne National Laboratory or the U. S. Energy
Research and Development Administration.

Printed in the United States of America
Available from
National Technical Information Service
U. S. Department of Commerce
5285 Port Royal Road
Springfield, Virginia 22161
Price: Printed Copy $3.50; Microfiche $3.00



Distribution Category:
Coal Conversion and Utilization--
Coal Gasification (UC-90c)

ANL-77-7

ARGONNE NATIONAL LABORATORY
9700 South Cass Avenue
Argonne, Illinois 60439

LABORATORY SUPPORT FOR in situ
GASIFICATION REACTION KINETICS

Quarterly Report for the Period
October—December 1976

by
J. Fischer, J. E. Young,
J. E. Johnson, and A. A, Jonke

Chemical Engineering Division

January 1977

Previous reports in this series

ANL-76-53 January—March 1976
ANL-76-93 April—June 1976
ANL-76-131 October 1975—September 1976



BIBLIOGRAPHIC DATA  |1. Repore No. 2. 3. Recipient's Accession No-
SHEET ANL 77-7

4. Title and Subtitle S. Report Date
Laboratory Support for /n Situ Gasification Reaction 1977
Kinetics 6.

8. Performing Osganization Repe.

No.  ANL 77-7
10. Project/Task/Work Unit No.

7. Author(s) 3, Fischer, J. E. Young, J. E. Johnson, and
A, A, Jopnke

9. Pecforming Organization Name and Address
Argonne National Laboratory
9700 South Cass Avenue 11. Contract/Grant No.

Argonne, Illinois 60439 W31-109- ENG-38

13. Type of Report & Period

L. . Covered Quarterly
U. S. Energy Research and Development Administration October-December 1976

12. Sponsoring Organization Name and Address

14.

15. Supplementary Notes

16. Abstracts

This work, which is part of the ANL energy program for ERDA, is directed toward
support studies for the national endeavor on in stZtu coal gasification. The
objective of this work is to determine the reaction-controlling variables and
reaction kinetics for gasification of chars resulting when coal is pyrolyzed in under-
ground gasification. The reactions to be studied include steam-char, COjz-char,
Hp-char, and the water gas shift reaction.

Discussed in this report are the effects on the reactivity of chars of pyrolysis
in simulated gasification product gas rather than pure nitrogen. In addition, further
investigations of the water gas shift reaction and methanation reaction are discussed.

17. Key Words and Document Analysis. 17a. Descriptors

Coal Aluminum oxide
Coal Gasification Carbon dioxide
Gasification Carbon monoxide
Hydrogen Methane
Pyrolysis Nitrogen

Steam

17b. Identifiers/Open-Ended Terms
Char
Methanation
Water gas shift reaction

17c. COSATI Field/Group

18. Availability Statement 19. Security Class (This
Report)
UNCLASSIEIED
20. Security Class (Th,s

Page
iJNCLASSlFlFD

TORM NTiS-35 (REV. 10-73)  ENDORSED BY ANSI AND UNESCO. THIS FORM MAY BE REPRODUCED ieon J
M-OC 82¢8-Pr4a

21. No. of Pages

22, Price

ii



TABLE OF CONTENTS

Abstract . . . . . . . 0L . 0 o e e e e e e

Summary . . . . . . . 0 . . . .

Project Plan and Status . . . . . . . . . . v 4 e . . .

Conclusions . . . . . v . . 4 v v o v o

Introduction e e e e e e e e e

Results and Discussion . . . . . . . . . . . . .-
Pyrolysis in Simulated Product Gas . . . .
Water Gas Shift Reaction . . .« + ¢ & ¢« & ¢ « & & o &

Methanation Reactions . . « « «v ¢ « ¢ o s s o o o« o

Future Work . . ¢ ¢ ¢ ¢ v ¢ ¢ o v ot o o o s o o o o s s

References et e e e e e e e s e e e e e e e e e e e e

iii

11

11



LIST OF FIGURES

Title

Instantaneous Carbon Conversion Rate vs.

Percent Wyodak
Char Converted after N, Pyrolysis .

Instantaneous Carbon Conversion Rate vs. Percent Wyodak
Char Converted after Reducing Pyrolysis . .« e e

Water Gas Shift Reaction Equilibria

LIST OF TABLES

Laboratory Support For In Situ Gasification

iv

Page



LABORATORY SUPPORT FOR IN SITU GASIFICATION
REACTION KINETICS

by

Jack Fischer, J. E. Young, J. E. Johnson, and A. A. Jonke

ABSTRACT

This work, which is part of the ANL energy program for
ERDA, is directed toward support studies for the national
endeavor on in situ coal gasification. The objective of this
work is to determine the reaction-controlling variables and
reaction kinetics for gasification of chars resulting when coal
is pyrolyzed in underground gasification. The reactions to be
studied include steam-char, COj,-char, Hy-char, and the water
gas shift reaction.

Discussed in this report are the effects on the reactivity
of chars of pyrolysis in simulated gasification product gas rather
than pure nitrogen. In addition, further investigations of the
water gas shift reaction and methanation reaction are discussed.

SUMMARY

This work has the objectives of providing engineering data for process
control and resource evaluation for underground coal gasification. This is
to be accomplished by providing data for gasification of chars under simulated
in situ processing conditions. The coal samples studied are representative
of coals at sites where field tests either are currently being conducted or
are under consideration. Chars for gasification are prepared by pyrolyzing
the coal under conditions characteristic of the Zn situ gasification processes.
Studies carried out during this quarter indicate that pyrolysis of coal in
simulated product gases (reducing atmosphere) has little effect on the react-
ivity of the resultant char compared to the reactivity of char resulting from
pyrolysis of coal in nitrogen.

Other studies carried out this quarter suggest that although the metals
and alumina packing in our reactor system contribute to the catalysis of the
water gas shift reaction, the primary catalytic agent is the mineral matter
in the coal char, and that thermodynamic equilibrium is reached for this
reaction at temperatures as low as 600°C for a gas residence time of 0.1 min.

We have also found that the methanation reaction and the carbon monoxide
disproportionation reaction are catalyzed by the reactor and packing materials
but that further studies are necessary to determine the role of coal minerals
in these reactions.



PROJECT PLAN AND STATUS

The project plan is shown in Table 1. Studies are currently being
carried out to improve the reliability of kinetic parameters previously
determined for the reaction of steam with chars from Wyodak and Hanna coals.
It is expected that these studies will be finished by the proposed completion
date of April 1, 1977, for this portion of the project. The steam-char
kinetics for Pittsburgh seam coal, kinetics of the C0, reaction with western
and eastern char, the water gas shift reaction and effects of brackish water
constituents on kinetics of char gasification will be completed in the
remainder of FY-1977, and a final report will be written in September 1977.

CONCLUSIONS

1. Pyrolysis of coals in a reducing atmosphere results in chars which
have a reactivity with steam essentially equal to that for chars pyrolyzed in
nitrogen. Although previous studies have indicated that pyrolysis in
reducing atmospheres results in a greater fraction of coal being volatilized,
our studies indicate that residual chars prepared in the two atmospheres have
the same reactivity with steam. This finding confirms that results of earlier
experiments (carried out as a part of this project) involving the preparation
of the chars in nitrogen are relevant to mathematical models for underground
gasification of coal.

2. The water gas shift reaction is very effectively catalyzed by the
mineral matter in subbituminous coal chars. At temperatures as low as
600°C, thermodynamic equilibrium is reached in a gas residence time of
0.1 min. Our metal reactor system and alumina packing materials contribute
somewhat to the catalysis of this reaction, but especially at lower temper-
atures (e.g., 600°C), this effect 'is insignificant.

3. The methanation of CO by hydrogen and the disproportionation of CO
to carbon and COp both occur throughout the temperature range of 500-800°C.
These reactions are catalyzed by the surface of the high-purity a-alumina

used in our reactor system and probably by the mineral matter present in the
coal chars.

INTRODUCTION

Current and predicted future shortages of energy in this country have
led to increased effort to develop processes for the underground conversion
of coal to cleaner fuels or petrochemical feedstocks. The concept of irn siru
coal gasification has been investigated intermittently in the U.S.A. and
European countries since the early part of this century. Extensive testing
of the concept has been carried out in the U.S.S.R. However, underground
gasification development has been interrupted in the past either by war or
by alleviation of the need for gasification as a result of the discovery of
extensive reserves of natural gas (as in the case of the Soviet Union).' The
increased interest in underground gasification in this country can be attri-
buted to the shortage of gaseous fuels and to a number of potential advantages:
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1. Recent cost evaluations indicate that capital expenditure fo:t of

underground gasification would be lower than the combined Coparable
strip or deep shaft mining and aboveground conversion tO com
gaseous fuels by Lurgi gasifiers.

. . ification
2. Less disruption of the environment is caused by in gitu gas

than by aboveground processing.

3. Coal that cannot be economically mined and utilized aboveground

could be gasified underground.
4. Personnel would not be subjected to hazards associated with under-
ground mining.

ed for local power production or as

5. Gas produced in gitu can be us ;
d to synthetic pipeline gas.

chemical feedstock, or can be converte

During gasification of coal underground, three distinct reaction zones
can be identified. In the first zone, drying and pyrolysis (devolatilization)
of the coal occur. In a second zone, a portion of the char is gasified by
reaction with steam and carbon dioxide. Combustion of the remaining char
by air or oxygen injected into the coal seam occurs in the third zone where
carbon dioxide is produced. The combustion zone generates the heat for the
process, which is carried into the other zones by the flow of the hot gaseous

products of combustion.

Mathematical models are currently being developed at other laboratories
in order to describe with mathematical formulas the time and spatial dependence
of the gasification processes as they occur underground. These models are
necessary if in situ gasification is to be employed in an efficient and
economic manner to produce a variety of products, utilizing a variety of coal
sources. Petrochemical feedstocks, combined-cycle power generation, and
pipeline gas production will require product gases of different compositions;
each application could make good use of products of in situ gasification.

An effective mathematical model can be used to determine how variables such
as air injection rate, water infusion, and steam partial pressure can be
adjusted to tailor the product to the needs of the consumer.

In addition to prediction of product gas compositions, models permit
calculation of the efficiencies of the process, prediction of rates of move-
ment of the various reaction zones during in situ gasification, specification
of optimum process configurations and parameters, and prediction of the
effects of processing upsets, e.g., massive subsidence into the reaction
zone. Not all of those capabilities have yet been included in current models
for in situ gasification, but refinements will be made to permit use of the
models to meet these as well as other goals.

Kinetic information used in current mathematical models have been obtained
from studies with coals and operating conditions unlike those encountered in
underground gasification. The purpose of our work at ANL is to obtain kinetic
information that is directly applicable to mathematical models for in gsigy
gasification. These studies will allow the important processing variables in
underground gasification to be idemntified. The coals utilized are similar to



those used in current field tests or proposed for use in commercial under-
ground gasification. The processing conditions surveyed include those expected
to be encountered in Zn situ gasification.

The kinetics of the reaction of oxygen with carbon are not included in

our work. This regctign is rapid, and the results obtained in the mathemat-
ical models are quite insensitive to errors in the rate constants for this

reaction. The reactions being studied in this program include:

Hy,0 + C —H, + CO
CO, + C=2 €O
2H, + C — CHy
"Hp0 + CO = Hy + CO,

3Hy + CO =CHy + H,0

Only the first three of the above reactions contribute directly to conversion
of char to gaseous products. The final two reactions affect the composition
of the product gases and are of considerable economic importance in relation
to tailoring the product gas to the needs of various industries which would
make use of the end products of iZn situ gasification.

Variables being investigated in this study include total pressure,
reaction temperature, coal devolatilization conditions, and partial pressure
of steam. Kinetic data to be obtained include rate constants, reaction orders
with respect to each of the reactants, and apparent activation energies,

These parameters are to be determined for bituminous coal from the Pittsburgh
seam and are being determined for subbituminous coals from Wyodak and Hanna
seams of Wyoming. 1In addition, the effects on the reaction kinetics of intro-
ducing various constituents of brackish water will be determined.

In this quarterly report are described the results of a number of exper-
imental runs carried out to investigate: (1) the effects of gasification
rates of pyrolyzing the coal in a simulated gasification product mixture
rather than in pure nitrogen, (2) the water gas shift reaction as catalyzed
by mineral matter naturally occurring in the coal, and (3) the methanation
reaction (CO + 3Hp & CHy + H30) as catalyzed by the coal mineral matter.

RESULTS AND DISCUSSION

The experimental apparatus and operating procedures have been described
in detail in ANL-76-131.

Pyrolysis in Simulated Product Gas

As pointed out in ANL-76-131, it is important that in laboratory work
pyrolysis of coal prior to gasification be carried out under conditions closely
simulating those encountered underground. We have shown that a result of



fi-
temperature cycling and/or exposure to air between the pyrolysis andhgisi
cation steps is a char that is less reactive with steam than 1s 2 Cticipate
pyrolyzed immediately prior to gasification. Since one would not ;: exposure
that underground processing would involve temperature cycling or a are being
prior to gasification under normal circumstances, all of our StUdiiz s mini-
carried out with the time between the pyrolysis and gasification i Zhat
mized. The heating rate used during our pyrolyses is approximate y

expected in underground processing, 1i.e., 3°C/min.

e used nitrogen to sweep the pyrolysis

products from the coal bed. In underground gasification, this sweepingigas
would actually be the product gas from the gasification reaction zonii -e.,
the gas would contain hydrogen, carbon monoxide, carbon dioxide, sma . amounts
of methane, and nitrogen. Previous studies carried out at Lawrence Livermore
Laboratories! indicated that varying the composition of the gas present during
pyrolysis of subbituminous coal results in a change in the amount ?f volat%le
matter pyrolyzed from the coal. However, the effects of these variations in
pyrolysis sweeping gas on the reactivity of the remaining char have not been

determined previously.

In previous experiments, we hav

Two gasification experiments have been carried out using experimental
conditions that were similar except for the pyrolysis sweeping gas. In one
test, nitrogen was used during pyrolysis; in the other test, a mixture consist-
ing of 20% H,, 20% CO, 10% COp, and 50% N, was used during pyrolysis. Wyodak
subbituminous coal was pyrolyzed at a heating rate of 3°C/min. The total gas
pressure was 1.60 MPa (16.3 atm). Final pyrolysis temperature and the gas-
ification temperature were both 700°C. Steam partial pressure during gasifi-
cation was 0.73 MPa (7.4 atm).

Figure 1 shows the reaction rate for the steam/char reaction for coal
that has been pyrolyzed in nitrogen. The reaction rate for coal pyrolyzed
in the simulated product gas (reducing gas) is shown in Fig. 2. The reaction
rate is expressed as grams of carbon gasified per hour per gram of ash-free
carbon present, and is plotted as a function of the percent of the char present
in the reactor which has been converted to gas. Comparison of Figs. 1 and 2
shows little if any effect on the reactivity of the Wyodak char caused by the
difference in pyrolysis sweeping gas. The maximum reaction rates are nearly
the same in both cases, and the general shapes of the curves are similar.

In the balance of our kinetics studies, we will carry out the pyrolysis
step using a reducing gas mixture as the sweeping gas. However, the infor-
mation obtained in earlier experiments utilizing nitrogen as the sweeping gas
is still wvalid and applicable to mathematical models for underground gasifi-

cation.

Water Gas Shift Reaction

As described in ANL-76-131, the distribution of product gas constituents
indicates that the water gas shift reaction is very nearly at thermodynamic
equilibrium for our reaction conditions and is most likely catalvzed by the
mineral matter occurring in the coal. The ratio of Hj; to C0s is generally
nearly 2:1, and the concentration of CO in our product gas is usually niy,
Throughout the temperature range of our studies at this time (600-7500C) the
carbon monoxide concentration in our product gas has been below the deteétion
limit of our chromatograph.
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Since these gasification kinetics studies are carried out i? a dlgfigz
tial reactor, the coal or char bed fills only a very small fractlon ;_ ority
volume of the reactor. The balance of the reactor is filled wit? higougd be
alumina. Although this inert material contains no impurities which wea ‘s
expected to catalyze the water gas shift reaction, a large surface ?ih co.
available which might promote the heterogeneous reaction of steam wlf catalysis
For this reason, blank runs have been made to determine the extent O kin

of the water gas shift reaction by the reactor material and inert PacSisgs of
materials usually used in the kinetics experiments. The reactor Cond with a
316 stainless steel pipe, the interior of which has been electropléteNorton
0.025 mm layer of gold. The packing material used in the reactor 15 v

RR high-purity alundum. A blend of 2% CO in nitrogen was pa?sed thro:g

the reactor at a pressure of 1.60 MPa (16.4 atm). Steam was.lntroduczooat a
partial pressure of 0.51 MPa (5.3 atm). Temperature was varied Eron re
800°C. The residence time of the gas mixture in the reactor was 0.3 min.

A reaction constant can be calculated according to the relationship:
[P'CO 2] [ PHZ]

P [PHZO] [®col

where PC02 = partial pressure of CO;
PH2 = partial pressure of Hp
PH20 = partial pressure of steam
PCO = partial pressure of CO

The partial pressure of each component at the outlet of the reactor was

used in this calculation. The calculated reaction constants for the reactor
with alumina packing and for the empty reactor are compared in Fig. 3 with
equilibrium constants calculated from thermodynamic data. Even at 750°C, the
reaction constant for the empty gold-plated reactor was three orders of
magnitude smaller than that calculated from thermodynamic data. However, for
a contact time of 0.3 min, the alumina packing in the reactor has sufficient
catalytic activity that the water gas shift reaction reaches thermodynamic
equilibrium at 800°C.

In the temperature range of interest for the steam/char reaction studies
(550-800°C), the contribution of the reactor and alumina packing to the
catalysis of the water gas shift reaction is insignificant. Hence, catalysis
of this reaction that was observed in previous runs at temperatures as low
as 600°C can be attributed only to the char bed itself--most likely to the

mineral matter in the char.
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Methanation Reactions

In ANL 76-131, the observation was made that the presence of steam
promotes the reaction of hydrogen and char, resulting in more methane being
produced than was observed in the absence of steam. This phenomenon could be
the result of either direct interaction of carbon and steam or by occurrence
of the methanation reaction

CO + 3H, == CHy + H,0
catalyzed by the mineral matter present in the char. Goring e? al.? have

postulated the former model but could not describe in detail a mechanism
for this direct interaction of steam and carbon to produce methane.
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We have carried out a number of experiments in an attempt to clarify

Mineral matter obtained by low-temperature ashing of Hanza
seam subbituminous coal was placed in our gasification reactor, SUPPOIS; Hon
a bed of high purity o-alumina. A blend of approximately 10% CO and 166 M%a
in nitrogen was passed over the bed of ash. The total pressure was lid
(16.4 atm). Hence the partial pressures of hydrogen and carbon monoX e

were each approximately 0.16 MPa (22 psig).

this question.

An equimolar concentration of hydrogen and carbon monoxide 1s no? the
c ratio for the methanation reaction. However, it is

optimum stoichiometri
" cted in the steam-char

undoubtedly close to the concentration ratio expe
gasification zone of the process as it occurs underground.

The average residence time of the gas mixture in the reactor was 0.3 min.
Throughout the temperature range of 550 to 800°C the measured methane '
concentration at the reactor outlet was approximately two orders of magnitude
lower than that expected if the reaction had reached thermodynamic equilbrium
in this residence time. However, under our operating conditions (differential
conversion) this corresponds to rather high conversion of CO to CHy.

However when the reactor was dismantled, large amounts of soot were
found in the alumina packing above the coal ash bed. The presence of this
soot indicates the occurrence of the competing disproportionation reaction:

2 C0 =C+ C0y

This would result in a considerably lower concentration of carbon monoxide at
the location of the coal ash in the reactor.

A repeat of this experiment with fresh alumina packing and no coal ash
present in the reactor again yielded a relatively high methane content in the
outlet gas and a soot bed was again generated at the entrance to the reactor
hot zone. 1In fact, yet another repeat of this experiment in the empty gold-
plated reactor gave relatively high methane yields. Within a short time, this
experiment had to be terminated because of excessive pressure drop across
the reactor due to choking of the reactor by soot that had collected in the
reactor outlet.

Asa consequence, no firm conclusions can be made regarding the mechanism
of methane production by the reaction of steam and hydrogen with char. The
reactions of carbon monoxide in the char bed are apparently quite complex,
with the following reactions all occurring to an appreciable extent:

2C0 =¢C0, +C
CO + 3H, = CH, + H0
CO + H,0 <= CO, + Hp
Considerable more investigation of this question is necessary in order to

obtain information that will be useful in mathematical models for the
underground gasification process.
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FUTURE WORK

During the next quarter, we expect to complete the determination of the
kinetic parameters for the reaction of steam with chars prepared from Wyodak
and Hanna subbituminous coals. We also expect to begin investigation of the
reaction of steam with chars prepared from Pittsburgh seam coal. Further
investigation of the water gas shift and methanation reactions will be post-
poned until later quarters.

REFERENCES

1. J. H. Campbell, "Pyrolysis of Subbituminous Coal as It Relates to
In Situ Gasification (Part 2: Characterization of Liquid and Solid
Products)," UCRL-52035, Part 2, June 1, 1976.

2. G. E. Goring et al., Kinetics of Carbon Gasification of Steam. Mechanism
of Interaction of Low Temperature Char and Steam-Hydrogen Mixtures
at 1600°F.," Ind. Eng. Chem. 45, 2586-01 (1953).



12

Distribution of ANL-77-7

Internal:

J. Fischer (26) E. G. Pewitt

R.N. Lo P. R. Fields

W. Podolski J. Royal

A. A. Jonke J. E. Young

D. S. Webster D. Fredrickson

L. Burris J. E. Johnson

A. Tevebaugh D. C. Bowyer
T. Bump

External:

ERDA-TIC, for distribution per UC-90c (276)
Chief, Chicago Patent Group
President, Argonne Universities Association
Chemical Engineering Division Review Committee:
R. C. Axtmann, Princeton Univ.
R. E. Balzhiser, Electric Power Research Institute
J. T. Banchero, Univ. Notre Dame
D. L. Douglas, Gould Inc.
P. W. Gilles, Univ. Kansas
R. I. Newman, Allied-General Nuclear Services
G. M. Rosenblatt, Pennsylvania State Univ.
. Akhtar, Pittsburgh Energy Research Center (6)
Alpert, Electric Power Research Institute
. Bagge, National Coal Association, Washington
S. Ball, Bartlesville Energy Research Center
. Beck, Div. of Coal Conversion and Utilization, USERDA/FE
. Boyd, Laramie Energy Research Center
. Brandenburg, L.aramie Energy Research Center
. Burman, Div. of Oil, Gas, and Shale Technology, USERDA/FE
utt, Northwestern U.
G. Campbell, Laramie Energy Research Center
L. Conn, Amoco Oil Co., Naperville
Corey, Div. of Coal Conversion and Utilization, USERDA/FE

Z“z>

w

S

S

C

J.

R.

R.

C.

L.

1.

G.

A.

R.

A. W. Decora, Laramie Energy Research Center

G. W. Douglas, U. Alabama

V. Dranoff, Northwestern U.

T. F. Edgar, U. Texas at Austin

T. Falkie, U. S. Bu. Mines, Washington

D. Fischer, Laramie Energy Research Center

J. F. Flagg, Universal Qil Products Co.

P. Fulton, U. Pittsburgh

R. Giberti, Kennecott Copper Corp., Lexington, MA

S. W. Gouse, Office of Asst. Adm. for Fossil Energy, USERDA
R. Gunn, Laramie Energy Research Center

H. D. Guthrie, Div. of Oil, Gas, and Shale Technology, USERDA/FE
N. S. Hagen, San Francisco Operations Office, USERDA

O. J. Hahn, U. Kentucky

J. D. Ham, Div. of Qil, Gas, and Shale Technology, USERDA/FE
G. Hill, Electric Power Research Institute

T. Mulcahey

H. Huang

S. Lee .

A. B. Krisciunas
ANL Contract Copy
ANL Libraries (5)
TIS Files (6)



13

A. E. Humphrey, Laramie Energy Research Center

W. Jackson, Div. of Magnetohydrodynamics, USERDA/FE

J. Jennings, Texas A&M U.

H. R. Johnson, Office of Program Planning and Analysis, USERDA/FE
W. S. Jones, Office of Asst. Adm. for Fossil Energy, USERDA (3)
G. Long, Northern Illinois Gas Co., Aurora, IL

R. M. Lundberg, Commonwealth Edison Co., Chicago

P. S. Lykoudis, Purdue U.

A. Maimoni, Lawrence Livermore Lab.

M. D. McKinley, U. Alabama

G. A. Mills, Div. of Fossil Energy Research, USERDA/FE

J. Nichols, Oak Ridge National Lab.

J. Pasini III, Morgantown Energy Research Center

W. H. Peters, Massachusetts Institute of Technology

A. A. Pitrolo, Morgantown Energy Research Center

J. Ramsey, Div. of Oil, Gas, and Shale Technology, USERDA/FE

R. Rozsa, Lawrence Livermore Lab.

B. Rubin, Lawrence Livermore Lab.

P. Russell, Denver Mining Research Center

A. F. Sarofim, Massachusetts Institute of Technology

F. Schora, Inst. of Gas Technology, Chicago

L. A. Schrider, Morgantown Energy Research Center

A. P. Sikri, Div. of QOil, Gas, and Shale Technology, USERDA/FE (2)
S. J. Spataro, Lawrence Livermore Lab.

M. Steinberg, Brookhaven National Lab.

D. R. Stephens, Lawrence Livermore Lab.

K. Street, Lawrence Livermore Lab.

Tetra Tech, Inc., Arlington, VA

N. Vanderborg, Los Alamos Scientific Lab.

R. E. Vemer, Div. of Coal Conversion and Utilization, USERDA/FE
J. W. Watkins, Div. of Oil, Gas, and Shale Technology, USERDA/FE
P. C. White, Asst. Adm. for Fossil Energy, USERDA

C. W. Whitten, Peabody Coal Co., Columbia, TN

P. R. Wieber, Div. of Oil, Gas, and Shale Technology, USERDA/FE (3)
I. Wender, U. S. Bureau Mines, Pittsburgh

W. Wiser, U. Utah






NNNNNNNNNNNNNNNNNNNNN

4



